Objective. To evaluate the performance of Mortality in Emergency Department Sepsis (MEDS) score in comparison to biomarkers as a predictor of mortality in adult emergency department (ED) patients with sepsis. Methods. A literature search was performed using PubMed, ScienceDirect, SpringerLink, and Ovid databases. Studies were appraised by using the C2010 Consensus Process for Levels of Evidence for prognostic studies. The respective values for area under the curve (AUC) were obtained from the selected articles. Results. Four relevant articles met the selection process. Three studies defined the 1-month mortality as death occurring within 28 days of ED presentation, while the remaining one subcategorised the outcome measure as (5-day) early and (6-to 30-day) late mortality. In all four studies, the MEDS score performed better than the respective comparators (C-reactive protein, lactate, procalcitonin, and interleukin-6) in predicting mortality with an AUC ranging from 0.78 to 0.89 across the studies. Conclusion. The MEDS score has a better prognostic value than the respective comparators in predicting 1-month mortality in adult ED patients with suspected sepsis.
Case
You have just attended to a 70-year-old male patient who presented to the emergency department (ED) with fever for 2 days associated with dysuria. He has a history of hypertension with previous ischaemic stroke and currently stays at a nursing home. On examination, he is lethargic but of normal mental status. His vital signs are as follows: temperature 38.8 ∘ C, heart rate 96 beats/min, blood pressure 110/70 mmHg, and respiratory rate 22 breaths/min. Urinalysis suggests a urinary tract infection. The white cell count is 16,000 per mm 3 with 10% bands while the platelet count is 140,000 per mm 3 . Blood and urine cultures are sent and the appropriate antibiotics administered. Blood specimens for serum lactate and procalcitonin are also sent as part of the routine septic work-up in your ED, but the results are not available yet. Concerned about the risk of mortality and the applicability of early goal-directed therapy (EGDT) in this case, you wonder if there are any validated clinical prediction tools that can risk stratify ED patients with sepsis in a more timely manner.
Background
Sepsis and its spectrum of clinical entities remain one of the common critical illnesses encountered in the emergency department (ED) with an estimated mortality rate of 20-30% in population-based studies [1, 2] . Timely identification with early institution of appropriate therapy for sepsis is essential for improved outcomes among these patients [3] [4] [5] . Unfortunately, the severity of the condition may not be apparent at initial contact with ED personnel. This is made even more challenging in an evolving ED practice, where care is increasingly being delivered in overcrowded situations with limited resources, particularly in urban settings with a heavy workload [6, 7] .
In light of the above, the Mortality in Emergency Department Sepsis (MEDS) score was developed to address the 
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need for an early risk stratification tool for sepsis that is simple to use and applicable at the ED [8] . Based on the scores computed from nine variables drawn from patient profile, clinical findings at presentation, and initial laboratory examination, it predicts the 28-day mortality rate for ED patients with sepsis ( Figure 1 ). While the MEDS score is not the only clinical scoring system developed for use in the ED for predicting mortality, it is the most relevant for patients with suspected sepsis presenting to the ED [6, 9] . The performance of the MEDS score has been validated in various populations and appears to compare favourably in some reports with other clinical scores like the Acute Physiology and Chronic Health Evaluation (APACHE) II, the Confusion, Urea, Respiratory Rate, Blood Pressure, 65 Years or Older (CURB-65), and the modified Rapid Emergency Medicine Score (mREMS) [10] [11] [12] . However, the discriminatory power of the MEDS score in predicting mortality does not seem to be consistent across different risk groups, being more accurate for low-risk patients and less for those in the high-risk group [13, 14] . This is thought to be attributable to the low mortality rate among the MEDS score's derivation cohort, thereby inherently underestimating the risk when it is applied to populations with higher baseline mortality rates like those with severe sepsis and septic shock [13, 15] .
For such high-risk groups, biomarkers of infectionsuch as procalcitonin (PCT) and C-reactive protein (CRP)-and serum lactate as alternative independent predictors of mortality in sepsis have been studied in various clinical settings [16] [17] [18] . A combined use has also been suggested to improve prognostic accuracy among severely septic patients compared to their respective singular applications [19] [20] [21] . While these biomarkers are relevant in the management of such patients, their usefulness may be offset by limited availability in some ED settings due to cost and infrastructure issues. We aimed to evaluate the performance of the MEDS score in comparison to these biochemical markers as a predictor of mortality in adult ED patients with sepsis.
Clinical Question
What is the prognostic value of the MEDS score, when compared to PCT, CRP, or serum lactate, for 1-month mortality among adult patients presenting to the ED with sepsis and its clinical spectrum?
Methods

Evidence Search.
Based on the formulated clinical question, we performed a search in the following databases for articles published in English from May 31, 1993, to May 31, 2013: PubMed, ScienceDirect, SpringerLink, and Ovid (Table 1) . Eligible studies were then selected after filtering through a set of inclusion and exclusion criteria.
Critical Appraisal and Data Extraction.
Appraisal of the selected studies was conducted independently by the two authors based on the C2010 Consensus Process for Levels of Evidence for prognostic studies [22] . Any disagreements were resolved through consensus. For studies in which receiver operating characteristic (ROC) curves were used to depict the predictive models, we extracted values for the area under the ROC curve (AUC) for comparison. Where available, diagnostic parameters like sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were also extracted for comparison.
Results
Characteristics of Selected Studies.
Our search process resulted in the identification of four articles that fulfilled our final selection criteria (Figure 2 ). Two studies were conducted in Asia, one in the United Kingdom, and one in The Netherlands. The characteristics of the included studies with regard to their respective study design, population profile, determinant of prognosis, and its comparator(s) MEDS and (sepsis or sirs or septic) and (lactate or "c-reactive protein" or procalcitonin) and mortality and adult and emergency and outcome were summarised in Table 2 . Based on the C2010 Consensus Process with its predetermined factors for quality assessment of prognostic studies, the validity of results was good for one study and fair for the remaining three (Table 3) .
Prognostic Determinant and Comparators.
Three of the four studies evaluated the performance of the MEDS score in comparison to their respective choice of biomarkers as a predictor of mortality [23] [24] [25] while the remaining one used a modified MEDS score computed from eight variables instead 4 ISRN Emergency Medicine (http://www.heart.org/idc/groups/heart-public/@wcm/@private/@ecc/documents/downloadable/ucm 308199.pdf).
of nine (without the neutrophil bands) [26] . Zhao et al. also assessed the impact on the prognostic value of the MEDS score by combining it with one of the biomarkers [25] .
Outcome.
Three studies defined the 1-month mortality as death occurring within 28 days of ED presentation [23, 25, 26] while Lee et al. subcategorised the outcome measure as (5-day) early and (6-to 30-day) late mortality [24] . In all four studies, the MEDS score performed better than the respective comparators in predicting mortality with an AUC ranging from 0.78 to 0.89 across the studies (Table 4) . The study by Hermans et al. demonstrated the superiority of the MEDS score in its discriminative ability for 28-day mortality (AUC = 0.81) when compared to CRP (AUC = 0.68) [23] . Serum lactate, with an AUC = 0.75, seemed to be potentially useful as well but as it was done in less than 15% of the study population, its prognostic value in comparison to the MEDS score remains uncertain [23] . Lee et al. found the MEDS score to have the largest AUC in comparison to CRP and PCT for early as well as late mortality [24] . The MEDS score also correlated well with the classification of clinical severity of sepsis [24] . The abbreviated MEDS score evaluated by Vorwerk et al. was found to have a better performance as a predictor of 28-day mortality (AUC = 0.81) when compared to serum lactate (AUC = 0.62) among patients enrolled from the urban teaching centre [26] . A MEDS score of 13 and above was found to correlate well with those with severe sepsis and septic shock with a specificity of 85.3%, PPV of 70.4%, and NPV of 79.5% by Zhao et al. [25] . In the same study, the combined use of the MEDS score and PCT improved the AUC for severity of sepsis from 0.793 to 0.852 ( < 0.001) and the AUC for 28-day mortality from 0.776 to 0.813 ( = 0.008) [25] .
Discussion
Based on the previous results, the MEDS score remains a useful prognostic tool with better discriminative ability compared to the isolated use of CRP, PCT, and serum lactate for predicting 1-month mortality in adult ED patients with suspected sepsis across its clinical spectrum. A combined use of the MEDS score with PCT or serum lactate may help to improve the predictive accuracy, particularly in highrisk patients whose initial presentation at ED may be subtle [23, 25] . This added vantage to the performance of the MEDS score, however, may not be applicable in some ED settings where measurements of such biomarkers are not available due to limited resources and costs. Even if available, the additional time spent waiting for results may compromise the timeliness of the MEDS score. Although the MEDS score is simple and applicable at bedside in the ED, there are still some challenges when trying to score some of the components. The inclusion of neutrophil bands as one of the variables is one such example. This is because many laboratories are now automating the analysis of haematological tests, and identification of neutrophil bands, conducted manually, is no longer routinely done. The work by Vorwerk et al. demonstrated a favourable performance of the abbreviated MEDS score despite excluding the bands [26] .
"Terminal illness" is the other variable that has been highlighted as a potential issue. The highest weightage with 6 points is being accorded, but users lament the lack of objectivity in its determination [25] . The study by Hermans et al. demonstrated the dilemma with this component where patients with advanced stage of malignancies and terminal conditions would score high in the MEDS score, thereby naturally predicting a very high risk of 1-month mortality. Yet some understandably did not receive standard EGDT due to existence of advanced medical directives, patients' choice for palliative management or medical futility [23] . However, it should be remembered that the MEDS score is designed for use as a prognostic tool to estimate mortality risk. While providing guidance for therapy, it is not meant to directly dictate treatment for patients and should not stand alone as a decision tool for how septic patients should be managed [23] . Patient preferences and clinical judgment by physicians are essential in guiding appropriate therapeutic decisions.
Clinical Bottom Line
The MEDS score has a good prognostic value in predicting 1-month mortality in adult ED patients with suspected sepsis. Combining its use with selected biomarkers of infection may improve its performance in settings where the biomarkers are being measured as part of the routine ED work-up for septic patients. Modifying some of the variables may further enhance relevance and applicability of the MEDS score. Finally, the MEDS score has to be used in conjunction with sound clinical judgment to guide therapeutic decisions like implementation of EDGT for the group of patients who would benefit most from it.
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